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GUSTLOADSANDOPERM’INGAIRSPEEDS
OF
OFONEm
FOUR-ENGINETRANSRX3TAIRHXNEON
OOLLZL4
THHZIROUTESFROM1949TO1953
ByWalterG.Walker
About~0,000hoursofV-G
WMMARY
dataobtainedfromonetypeof four-engine
civiltransportairplaneoperatedoverthreedifferentcommercialairline
routesoftheUnitedStatesfrom1949to 1953areanalyzedto determine
‘themagnitudeandfrequencyofoccurrenceofgustloadsandgusts.The
normal-accelerationincrementsforeachofthethreeoperationsequaled
orexceededthelimitgustloadfactor,o
8
theaverage,twice(onceposi-
tiveandoncenegative)inabout1.0x 10 flightmiles.A derivedgust
veloci~of50feetpersecond(evaluatedon thebasisof ACATechnical
!!Note2*) wasequaledor exceededtwiceinabout0.5 x 10 flightmiles
foreachofthethreeoperations.Thefrequencyof occurrenceof thegust
loadsandthegustsforthepresentoperationsisingeneralagreement
withthosefromsimilaroperationsof otherciviltransportsrecently
investigated.
Thedatawereexaminedforpossiblebiasby maneuvers,sincetime-
historyrecordsfromotheroperationshadindicatedthatthemaxinnm
positiveaccelerationsinV-Grecordsmightbe sobiased,butno clearly
definedeffectsofmaneuverscouldbediscernedinthesedata.
INTRODUCTION
In orderto obtaininformation themagnitudeandfrequencyof gust
loadsandgusts,measurementsofnormalaccelerationsandairspeedshave
beenobtainedovera periodofyearsinroutineoperationsof civiltrans-
portairplanesby meansofNACAV-GandVGHrecorders.TheV-Grecorder
suppliesan enveloperecordofthewtium accelerationswithrespecto
theairspeedsflownandtheVGHrecordersuppliesa time-historyecord
ofaccelerations,airspeeds,andaltitudes.TheV-GandVGHrecordsup-
plementeachotherandthedatafromthemcanbe combinedto obtaina
compositepictureofthedistributionfthegustloadsandgustsforany
givensetofoperations.
— .—.— —— - -—
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Thisreport,whichisbasedontheanalysisofV-Gdata,ispartof
thecontinuingstudyofthegustloads,gusts,andairspeedsmeasuredin .
civiltransports.Thenormalaccelerationsandairspeedsmeasuredinone
typeoffour-enginetransportairplaneoperatedoverthreedifferentair-
lineroutesof theUnitedStatesfrom1949to 1953areanalyzed.Thegust
loads,gusts,andairspeedsmeasureduringtheseoperationsarecompared
withsimilartitsreportedinreferences1 to5.
It ispertinento notethatthemethd usedhereinforevaluation
ofthegustvelocitiesistherevisd.methciipresentedinreference6
andusedinreference7.
SYMBOLS
A
b
T
w
s
m
g
P
P.
An
Pg
Kg
‘de
K
aspectratio,
wingspan,ft
meangeometric
grosswei@rt,
wingarea,sq
slopeofwing
#/s
hord,ft
lb
ft
liftcurveperradian
Iaccelerationdueto gravity,ft sec2
massdensityofair,slugs/cuft
massdensityofairat sealevel,slugs/cuft
normal-accelerationincrement,g units
designlimit-gust-load-factorincrement,g units
2Wairplanemassratio(seeref.6), —
In@@
( )gustfactorfunctionofPg , definedinreference6 .,
derivedgustvelocitydefinedinreference6, 2Wh , fps
1047mpoSVJCg
(1. 47 isa factorforconvertingairspeedfrommilesperhour
to feetpersecond) .
alleviationfactor(functionofwingloading)defined“in
reference8
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v
Vw
‘B
‘c
‘D
VW
V.
‘P
CN
N
T
T
P
u
a
av,U.
%)%3
airspeed,mph
maximumindicatedairspeed,mph
designspeedformaximumgustintensi~,mph (ref.9,P. 3)
designcruisingspeed,”mph(ref.9,P. 3)
designdivingspeed,mph(ref.9,P. ~)
never-exceedspeed,mph(ref.9, P. 36)
indicatedairspeedatwhichmsximumpositiveornegative
accelerationi crementoccurson a V-Grecord,mph
mostprobableoperatingspeedatwhichmaximumacceleration
incrementoccursina sampleofV-Gdata,mph
normal-forceoefficient
totalnumberofobservationsina sampleofdata
totalflighttimefornumberofV-Grecordsina sample,hr
averageflighttimeperV-Grecord,hr
probabilityhatmaximmvalueona V-Grecordwillequalor
exceeda givenvalue
locationparameterofdistributionfextremevalues(ref.10,p. 2
scaleparameterof distributionf extremevalues(ref.10,p. 2)
standardeviationsofdistributionsof Vmx and Vo,respective
(ref.I-1,p. 73)
coefficientsof skewnessof distributions
—.
of v. and Vo,
respectively(ref.I-ljp. 73)
Subscripts:
max maximumvalueof thevariable
50 valueof50 feetpersecondforthederivedgustvelocity
A barovera symbolindicatesthemeanvalueofthevariablefora
givensetofobservations.
—..———— —
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APPARATUSANDSCOPEOFDATA
Thedatawereobtainedwithtwoty_pesofNACAV-Grecorders;the
friction-dampedr corderandtheoil-dampedrecorderwhichdiffermainly
inthemethodofdampingtheaccelerometerlements(seeref.12). A
totalof 11 civiltransportairplaneswereinstrumentedwithV-Grecorders
(seetableI) forcollectingdataduringnoml airlineoperations.Inall
cases,therecorderswereinstalledclosetothecenterof gravityofthe
airplanes.Theairplanecharacteristicsusedforevaluatingthedataare:
Designgrossweight,W, lb. . . . . . . . . . . . . . . . . . . 89,w
Wingarea,S,sqft . . . . . . . . . . . . . . . . . . . . . . . 1,463
Wingspan,b,ft. . . . . . . . . . . . . . . . . . . . . . . . . 117.5
Meangeometricchord,~,ft . . . . . . . . . . . . . . . . . . . 13.7
Aspectratio,A . . . . . . . . . . . . . . . . . . . . . . . . . . 9.4
hlaxtiumnormal-forceoefficient,C% . . . . . . . . . . . . . . 1.6
Limit-gust-load-factorincrement(computed),g units. . . . . . . 1.43
Gust-alleviationfactor,K (seeref.8) . . . . . . . . . . . . . 1.218( 6A )Slopeof liftcurveperradiancomputedfrom — . . . . . . . 4.95A+2
Massratio,Pgj(seeref.6)for@ percentgross
weightatl0,000ft. . . . . . . . . . . . . . . . . . . . . . 27.3
Gustfactor,~, (seeref.6)for~ percentgross
weightatl0,000ft. . . . . . . . . . . . . . . . . . . . . . 0.745
Designspeedformaximumgustintensity,
VB,mph(seeref.9). . . . . . . . . . . . . . . . . . . . . . .183
Designcruisingspeed,Vc,mph (seeref.9) . . . . l . l - l l l l 279
Desi~ divingspeed,VDjmph (seeref.9) . . . . . . . . . . . . . 388
Never-exceedspeed,V~, mph(seeref.9) . . . . . . . . . . . . .349
Thesevalueswereobtainedfromthemanufacturer’sdesigndataandthe
operatingmanualorwerecomputed,as indicatedinthetable.Thelimit-
gust-load-factorincrementof 1.&3gwascomputedaccordingtotheformula
givenintheCivilAirRegulationsdesignspecifications(seeref.9)by
usingan effectivegustvelocityof 30 feetpersecondat Vc,a valueof
K basedon grossweight,andthevalueofthecomputedslopeofthelift
cyrve.Thevaluesgivenfor Y
.!3and K werecalculatedas tidicateding
appentiA.
ThescopeoftheV-Gdatacollectedintheperiodfrom1949to1953
is sumnsrizedintableI forthethreedifferentoperationsdesignated
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hereinasA, B, andC. Twohundredandtwenty-sixV-Grecords,repre-
sentinga totalofabout50,000flighthours,werecollectedfrom11
airplanesofthethreeoperations.As tableI shows,oneportionofthe
recordsfromoperationA wascollectedona transcontinentalroutefrom
NewYorktoLosAngelesandtheotherportionwasobtainedona trans-
oceanicroutefromthewestcoastoftheUnitedStatestoHawaii.The
recordsof operationB werecollectedessentiallyon landroutesinthe
southernandeasternsectionsoftheUnitedStatesalthoughsomeflights
mayhavebeenmadetoSanFranciscobecauseofan airplaneinterchange
arrangement.Therecordsof operationC werecollectedonroutesinthe
Caribbeanregion.
EVALUATIONOFRECORDSANDANALYSIS
Figure1 illustratesa V-Grecordandindicatesthevaluesthatwere
read.Routinedetailsofthemethodofevaluationwed aregivenin
appendixA ad theanalyticalproceduresappliedto thepresentdataare
outlinedinappendixB.
Themaindifferencesbetweenthe
of similardataare:
(a) Examinationftime-history
airlineoperationshasindicatedthat
presentanalysisandpastanalyses
ecords(VGH)collectedduringnormsl
maneuversmaybiasthepositive
accelerations;therefore,thepositiveandthenegativeaccelerationssxe
givenas separatetabulationshereinforthepurposeof studyingthis
phaseoftheproblem.
(b) Thegust-velocitydab presentedwerederivedby usinga meth~
of calculationproposainreference6 (refertoappendix’Afordetails).
Therevisedformulaincludesa newgustfactorbasedonmassratioinstead
ofwingloadingandalsoa newgustprofilerepresentedby a one-minus-
cosinecurve.Theeffectofoperatingaltitudeisaccountedforinthe
revisedformula.Thegustvelocitiesderivedinthepresentinvestigation
accordingto thisformularelargerby a factorofroughly1.6thanthose
computedby useofthe“effective”gustveiocityformulagiveninthelist
of symbolsof reference8.
Althoughitisrecognized’that%hedynsmicres~onseoftheaircraft
structuremaysignificantlyinfluencetheaccelerationsmeasuredat the
centerof.gravi@,thedynsmic-responseeffectisnotlmownoraccounted
forinthepresentgust-loadandgustresults.Comparisonsbetweenthe
resultsofoperationsA, B, andC arenotinfluence?by thiseffectsince
onlyonetypeofairplaneis involved.Dynamic-responseeffectsamounting
to asmuchas30percenthavebeenobservedinaccelerationsmeasuredin
othertypesof transportairplanesoperatedinturbulentairand,since
resultsfromothertypesarecomparedwiththepresentresults,the
-. -———- —————
..—..— -—
6possibilityhatdynamicresponsemay
comparisonsshouldnotbe overlook-.
Inasmuchasthepresentdataare
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be an importantfactorinthese
comparedwithdatafromothercivil-
transportoperationswhichusedan operatingdistanceof 107flightmiles
asanarbitraryoperationallifetime,comparisonsaremadehereinonthe
samebasisonlytobe consistentandnotto implythatthisdistancerep-
resentstheoperationallifetimeofanyairplane.
PRECISION
Instrumentalerrors.-
exceeda msximumvalueof@.2g or 3 percentofthemaximumairspeedrange.
The
*IsTIcAL RELIABILITY
errorsinherentintheV-Grecorderdonot
Errorsbetweeninstrumentsshouldherandombecauseofthenumbe~of ins~ru-
mentsused(22inoperationA, 8 inoperationB, 10inoperationC)and
shouldaverageoutintheanalysis.
Evaluationerrors.-Errorsinreadingtherecordsmayhaveoccurred
@ring theevaluationbutarebelievedtobe randomandtobalanceout.
Statisticalreliability.-An importantprobleminthestudyofthe
frequencyofexceedingthelargergustloads,gusts,andairspeedsisto
determinewhethertheobservedorestimateddifferencesbetweenssmples
arestatisticallysignificsat.Althoughno completelysatisfactorytest
forthispurposehasbeenfound,reference10citesa methoddevelopedfor
measuringthereliabili~of samplestimateswhichisapplicableto the
presentdata.Themethodappliedto thepresentdatahasgiventherange
withinwhich,fora givenprobabilitylevel(aprobabilitylevelof ~ per-
centisusedherein),thetrue’,valuecanbe expectedtolie. On this
basis,estimatesofthevaluesoftheaverageflightmilesrequiredto
‘equalor exceedAn~
- ‘de~o (asshowninfigs.2 and3,respec-
tively)shouldbe reliabletowithina rangefrom2.5:1to 4:1.
Thereliabili~estimateschangefordatatakenunderdifferent
operatingconditions,uchaswhendatafromdifferentairplanesoperated
duringdifferentperiodswe compared,becaweext.r=eousfactors(_ic-
responseffectsforexample)arepresent.Fordataofthischaracter,
a 7:1ratiooffrequencieshasbeenusedinpastinvestigationsasan
engineeringmeasure.Inthepresentdata,therefore,anydifferences
whichappearbetweentheestkted valuesof ~w, andlikewise
Udemj (seetable11)areconsideredsi~ific~tM thevaluesd~ferby
morethana factorof 5:1.
Noadequatemethodisavailableforeasilydeterminingthestatistical
reliabili~oftheestimatesofmaximumairspeeds.ThecurveforoperationA
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infigure4 hadtobe extrapolatedbeyondthelimitsoftheobserved
datatoestimatethefrequencyofexceedingV~. Theextrapolated
portionofthiscurve
mateat V~ isused
is limitedandis justified,protided
onlyasan indicationf theorderof
DISCUSSION
Theresultsofthisinvestigationarepresentedinthe
7
that theesti-
magnitude.
formoftables
andfigures.Thecurvesshowninfigures2 and3 werecalculatedonthe
basisofthetheoryof extremevaluesasdiscussedinappendixB.
Accelerationsexperienced.-A comparisonoftheincrementalcceler-
ationsexperienced”inthepresentypeofairplaneduringoperationsA,
B, andC (seefig.2 andtableII)indicatesthatthelimit-gust-load-
factorincrement* wase
..
qualedorexceeded,ontheaverage,twice
(oncepositiveandoncenegative)withintherangeof0.9X 106to 1.4x 106
fli~tmiles.Althoughtheroutesandoperatorsdiffered,theseresults
agreeinthattheaccelerationi crementsexperiencedinthesethreeoper-
ationsarenotsignificantlydifferentat oratthe107flight
mileslevel.
Withregardtoa comparisonofthepresentresultsandtheacceler-
ationincrementsexperiencedinrecentoperationsof otherciviltrans-
ports,tableII showsno signficantdifferencessmongthe’resultsat?
* exceptinonecase(seeref.4)whichisborderline.Therather
goodagreementindicatedforalltheoperationsmaybe dueinparttothe
factthatdifferencesinairplanetype,dynamic-responseeffect,route,
andoperatingspeedsmayhavetendedtobe compensatory.
Gustsencountered.-An examinationffigure3 indicatesthat,for
thethreeoperationsshown,agmt velocityUd
’50
wasequaledorexceeded
,
twicewithintherangeofabout0.4X 106to0.7x .106flightmiles.None
of thesegustvaluesdiffers$~ificantlyfromtheothersandtherefore
thegustsencounteredby thistypeofairplanewereaboutthessme.
A comparison(tibleII)ofthevaluesofthenumberofflightmiles
requiredtoexceed
‘de forthisairplanewiththevaluesforrecent
m.
operationsofotherciviltransportsshowsthatnoneoftheresultsdiffers
significantlyfromthe.others.Sincethegustsareapproximatelythe
ssmeforalltheoperationscompared,itisconcludedthatthegusts
encounteredduringtheseoperationswerelargelyin.@pendentofroute,
airplane,andoperator., ‘
. .
-—
___———— ——
_-—— —..——
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8Operatingairspeeds.-An exsmdnation
tableII indicatesthattheaveragespeed
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foperatingspeedsgivenin
( PComotedby Vp c at ~) .
foroperationA wasabout12percentlowerthanthoseshownforoper-
ationsB andC. ThislowerspeedforoperationA isnot.reflected,as
previouslynoted,inanyappreciabled creaseh theleveloftheacceler-
ationticrementsexperienced.Themagnitudeoftheaccelerationsexpe-
riencedInroutineairlineoperationsisprincipallya functionof the
weightandoperatingspeedat thetimethegustis encountered,andinsofar
astheaccelerationsareconcerneda decreaseintheoperatingweightwill
compensatefora decreaseintheoperatingspeed.Itappearslikely-,
therefore,thatinviewofthefactthattheaccelerationsexperienced
w=e aboutthesameinthethreecasestheloweroperatingspeedfor
operationA mayhavebeencompensatedforby smalleraverageoperating
weightsas comparedwiththoseofoperationsB andC.
Inspectionoffigure4 andtableIIindicatesthatthenever-exceed
speedwasequaledor exceededonceinabout20x 106flightmilesfor
operationA andonceinlessthan0.5x 106flightmilesforoperationsB
andC. Thelowerprobabili@of exceedingthenever-exceedspeedfor
operationA thanthoseforoperationsB andC correspondswitha similar
observationnotedofthemoreconservativeoperatingspeedinroughair
foroperationA thanthoseforoperationsB andC.
Seasonaleffects.-Theresultsofa studyoftheeffectsof seasonal
weatherchangesonthegustloadsandgustsaresummarizedas follows:
Valuesat 107flightmiles Averageoperating
Operation %ax ude~ ~s
speed
‘P at -x, mph
summerWinterSlxmnerWinter summer Winter
A 1.72 2:00 69.0 75.7 lg2 187
B 1.= 1.76 77.0 ,72.0 209 214
c 1.80 1.83 77.0 72.2 216 208
AS thistableindicates,seasonalweatherchangesacco~tedforthefact
thattheaccelerationi crementsexperiencedinoperationA were14per-
centsmallerin summer(AprilthroughSeptember)thaninwinter(October
throughhlarch). Theseresultsagreewiththosegiveninreference3
whichshows10-percerit-smallergustloadsinsumnerthaninwinterfora
comparablerouteacrossthenorthermUnitedStates.Theaccelerations
experiencedinoperationB,’ontheotherhand,were10percentlargerIn
2U
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summerthaninwinter.Thisresultagreeswiththosegiveninreference5
whichindicatesthatmoresevereturbulencewasencounteredin summerthan
inwinteron comparablesouthernandeasternUnitedStatesroutes.The
accelerationsexperiencedinoperationC andthosefromthedataofref-
erence4 forCaribbeanandSouthAmericanoperationsindicatessentially
no differenceb tweensummerandwinteroperations
Gust-loadenvelopes.-An examinationffigures5 to7 indicatesthat
theenvelopecalculatedforeachofthethreeoperationspresentedagrees
wellwithitsrespectivecompositeV-Grecord.
As previouslypointedout,therehasbeenreasontobelievethatthe
maximumpositiveaccelerationsinV-Grecordsmightbe biasedby maneuvers.
Thedatawerestudiedforsuchbiasbut,as figures5 to 7 tendto show,
no clear-cutindicationshavebeenfoundwithrespecto theinfluence
ofmaneuvers.Thepossibilityof suchbiasshouldnotbe overlooked,
however,infutureanalysesofV-Grecords.
Inspectionoffigure8 indicatesthatthedesigngust-loaddiagram,
preparedaccordingto thegust-loadrequirementsofreference9,maybe
exceededby an appreciableamountwithintheoperating-speedrange
from VB to VC ina distanceof 107flightmilesforeachoperation.
Theseairplaneshaveoperatedsucha smallpartof thetotalflighttime
inthespeedrangefrom VC to VD thattheyhavenotencounteredany
largegustsinthisrange.It shouldbenotedthatthedesigndiagram
inthiscasehasbeenderivedforgrossweightandisnotstrictlycom-
parablewiththese.flightenvelopeswhichmorenearlyapproximatean
85-percent-gross-weightflightcondition.If theweightdifference
betweentheflightenvelopesandthedesigndiagramwerecorrectedfor,
agreementwouldbe closerbetweenflightanddesignovertherangefrom
the
VB to Vc anda considerablemarginof safetywouldbe apparentinthe
rage from VC to VD.
Comparisonof gust-velocityenvelopes.-Thegust-velocityenvelopes
derivedforoperationsA,B, andC arecomparedinfigure9 withtheover-
allrangein similarenvelopescalculatedfromthedataonwhichref-
erences1 to 5 arebas~, althougha lackofknowledgeof certainfactors
whichinfluencethesecomparisonsi recognized.Thedifferencesin
weightsandoperatingaltitudesinturbulenceanddynamic-responseeffects
arefactorswhicharenotcorrectedforintheseresults.Speeddiffer-
encesbetweentypesofairplanesareaccountedfor,however,by plotting
theairspe&lsaccordingto therelationv/vc.
Figure9 indicatesreasonablygoodagreementbetweenthegust-veloci~
envelopesforoperationsA,B, andC andtheenvelopeboundaryrepresenting
therangeforUnitedStatesciviltransportsinoperationsfrom1937to
1950.Thegust-velocityenvelopeforoperationA iswithina designgust
—.—.-—-. —-———---— -
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/
diagram,preparedaccordingtothegustrequirementsofreference13,over
thewholespeedrange.OperationsB andC exceedthedesigndiagramover
theoperatingspeedrangefromabout / /0.6vvC to 0.8~VC. Thegust-
veloci~envelopesderivedfor107flightmilesineachofthethree
operationsanalyzedareingeneralagreement,withinthespeedrangeused
mostofthettie,witha designdiagramforthistypeofairplane,despite
thefactthatroute,operatingconditions,anddatasamplesdifferedin
theseoperations.
SUMMARYOFKESULTS
Theresultsofan analysisofV-Gdataobtainedfromonetypeoffour-
enginetransportairplaneoperatedonthreeairlineroutesfrom1949to
1953areingeneralagreementwiththosefromsimilarinvestigationson
otherciviltransports.Thisreportmakesuseoftherecentlypresented
methodofNACATechnicalNote2964forevaluatingthegustvelocitiesin
termsof the“derived”gustvelocityUde. Forthisme of airplaneand
altitudesflown,Ude isroughly1.6timestheformerlyused“effective”
gU.StvelocityUe. Specificresultsindicatedare:
1. Theaccelerationi crementsequaledor exceededthelimit-guQt-
load-factorincrement~, on thea~erage,twicein
flightmiles.
2. A derivedgustvelocityof50 eetpersecond
Eontheaverage,twiceinabout0.5X 10 flightmiles.
about1.0X i06
wasencountered,
3.
20x 106
milesin
4.
erations
Thenever-exceedspeedwasequaledor exceededonceina out2flightmilesinoneoperationandonceinabout0.5X 10 flight
eachoftheothertwooperations.
Seasonalweatherchangesaccountedforthefactthattheaccel-
emeriencedwere14percentsmallerin summeroperationsthan
inwintero~a northerntrans~ontinentalandtranspacificroute,andlo
percentlargerin smmer operationsthaninwinteron southernandeastern
UnitedStatesroutes.Theaccelerationsexperiencedwereaboutthesame
in summerandwinterforCaribbean- SouthAmericanoperations.
5. Gust-velocityenvelopesderivedfortheseoperationsagreerea-
sonablywellwiththeenvelopeboundarywhichrepresentstherangefor
UnitedStatesciviltransportoperations.
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6. No clearlydefinedeffectsofmaneuverscouldbe discernedin
thesedata.
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,August20,1953.
—.—. . .. —.—.. - ——— ————
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DE!I’AIISOF
mm= A
MIZ?I!HODOFEVALUATIONOFRECORDS
ThevaluesreadfromeachV-Grecord
accelerationi crements~ occurring
hour,theirrespectivevaluesofairspeed
airspeedVm. In addition,themaximum
werethepositiveandnegative
at speedsabovelb milesper
V.,andthemaximumindicated
positiveandnegativeAn values
in each20-mile-per-hourspeedhracketcoveringtherangefromlb miles
perhourto thehighestspeedrecordedwerereadfromeachrecord.No
accelerationi crementswerereadat speedsbelowlh milesperhourin
orderto excludeanymaneuversduringtake-offandapproachandimpact
shocksduringlanding.Faultyrecordsandpilotcheckflightrecords
werenotused.
Thegust-velocitydatapresentedhereinwerederivedaccordingto
themethodofreference6. Themaximumpositiveandnegativegust-
velocityvalueswerecomputedforeachrecordby usingtheacceleration-
incrementvaluesandtheirrespectivevaluesofairspeedV. inthe
derived-gust-velocityformula
TJ&. 2WAn
1.47mpoSVJCg
(1)
Thegustfactor
‘g isa functionoftheairplanemassratio Pg which
valueisobtainedby usingtheformula
m
.—‘(3 nlprgs (2)
Thevsriationof Kg with Pg isgivenby thecurveshowninfigure2
of reference6. Thevalueof Kg usedforevaluatingthegustveloc-
itieshereinisbasedonanaverageoperatingaltitudeof 10,000feet.
An examinationftime-historyecordsfromsimilaroperationshasindi-
catedthatconsiderableoperatingtimeis spentat altitudesof 10,000
feetwherethemoreturbulentatmosphericconditionswereencountered,
althoughonoccasiontheaircraftmayoperateto25,0~ feet. Inasmuch
astheactualweightwasnotknownatthetimeofeachgustencouhter,an
averageoperatingweightof85percentof grossweightwasassumedonthe
basisofpastoperationsasreasonableforthesecalculations.
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AJ?PENDIXB
DETAILSOFANALYSISANDPREPARATION
OFTABIJ3SANDFIGURES
Determinationfprobabili~distributions.- TheV-Grecordselected
fortheanalysiswererestrictedtothosehavingrecordtbes withinthe
rangesofhoursshownintableI, inasmuchasthemethodofanalysisused
(seeref.14)requiresreasonablyconstantrecordtimes.Thedataobtained
fromthoserecordsarelistedintableIIIintheformoffrequencydis-
tributionsoftheobservedv~ues of ~=, UU, V. for ~~
and Vu. TableIVpresentsthefrequencydistributionsof theobserved
valuesof An obtainedfromthe20-mile-per-hourspeedbracketsofeach
record.
Thestatistical-parametervalueslistedintablesIIIandIVwere
calculatedfromtheobservedfrequenciesgivenineachcaseforuse
inobtainingthetheoreticalprobabilitiesofequalingorexceedinggiven
valuesofthevariable.Theparametersof theaccelerationa dgust-
velocitydistributionsshownintablesIII(a),III(b),andIV are: the
meanvalueoftherelevantvariablefiu and ~de)thelocationpara-
meter u, andthescaleparsmetera,whichwerecomputedby useof the
statisticalproceduresoutlinedb reference10. Theparametervalues
for
the
the
the
theairs~eedistribu~ionsshownintablesIII(c)andIII(d)are:
meanvaluesTo and VW, thestandardeviationsU. andav,and
coefficientsof skewness,k. and kv,whichwereobtainedby applying
statisticalproceduresgiveninreferenceIl.
Bymeansoftheseparametersandthemethodofreference10,extreme-
valuedistributionswerefittedto the ~, Ude,and Ln distributions
by 20-mile-per-hourspeedbracketsforobt&i&g valuesoftheproba-
bilityP of equlingor ekceedinggivenvaluesofthevariable.Pearson
TypeIIIdistributions( eeref.14)yieldreasonablerepresentationsf
airspeedsandwerefittedtothe V- distributionsoftableIII(d)to
obtaintieprobabilityP of e~ulingor exceedinggivenvaluesofmaxi-
mumairspeeds.
A measureof themostprobableaverageoperatingspeedVp inrough
airwasccmputedfrm theparametersofthe V. distributionsby using
therelevantequationgiveninreference1. Thevaluesobtainedare
givenintableIII(c).
—...—.—.——- .——— — ———-———— -— -—
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Thetheoreticalprobabilitydistributionsobtainedforthe ~,
Ude,ad VU dataweretransformedtovaluesofaverageflightmiles
requiredto equalorexceedgivenvaluesoftherespectivevariableby
usingtheformula
Flightmiles=0.8VcT(l/P) (3)
wherethevalue 0.8vC istakenas anaverageoperatingairspeedbasedon
time-historyecordsobtainedonthistypeofairplane.Thecurvesof
averageflightmileswhichwerecalculatedfromthetheoreticalprobability
distributionsof An-, U&, and V- arepresentedinfigures2,3,
and4,respectively.Thecumulativefrequenciesoftheobservedatawere
likewisetransformedtovaluesofaverageflightmilesforcompsringthe
measuredvalueswiththeirtheoreticalprobabilityvalues.
CompositeV-GrecordsandcalculationfV-Genvelopes.-Although
onlyrecordswithreasonablyconstantimeswereanalyzed,alltherecords
collectedandevaluated(seetableI)wereusedtopreparecompositeV-G
recordsofeachoperation.Figures5 to 7 showthesecompositerecords
comparedwiththegust-loadenvelopespreparedfromtherecordsanalyzed.
Thecalculatedenvelopewasobtainedineachcasefora valueofflight
milescorrespondingto thatofthecompositeV-Grecord.A probability
valuewasobtainedfortherespectivealueofflightmilesby theuse
ofequation(3).Forthisprobabilityvaluethecorrespondingvalues
of An foreach20-mile-per-hourspeedbracket(positiveandnegative
valuesweretreatedseparately)werecalculated.TheseAn valueswere
plottedatthemidpointspeedvalueofeachspeedbracketanda curvewas
fairedthroughthesepoints.In orderto completetheenvelopefromthe
lastspeedbracketabulatedto thehighestspeedflown,theproduct
probabilitymethodoutlinedinreference2 wasused.Fromenvelopes
calculatedonthisbasisitisexpectedthat,forthegivenvalueof flight
miles,an averageofonepositi&andonenegativeaccelerationi crement
willexceedtheenvelopeineachspeedbracketandonemaximumairspeed
willoccurabovethemaximumspeedofthecalculatedenvelope.
Figure8 showsgust-loadenvelopescalculatedforoperationsA, B,
andC fora distanceof 107flightmilescomparedwitha designgust-
loaddiagrsmobtainedaccordimgto theCivilAirRegulationsofreference9.
Constructionfgust-velocityenvelopes.-Figure9 showsthegust-
velocityenvelopescalculatedforthepresentoperationscomparedwith
an envelopeboundarypreparedby usingthedatafromreferences1 to5
whichwerereevaluatedforobtainingtherespectivegust-velocityenve-
lopes.Thepositiveandnegativegust-velocityvalueswerecombinedin
eachofthesecasesandtheenvelopespreparedinthismanneraresym-
metrical.Alsoshowninthisfigureforcomparisonisa gust-velocity
designdiagramwhichwasconstructedaccordingtotheguststandardsof
theConventiononInternationalCivilAviation(seeref.13)torepre-
sentthepresentypeofairplane.
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Comparisonof loads,gusts,andairspeeds.-Thegustloads,gusts,
andairspeedsforoperationsA, B, andC arecomparedintable11with
valuesfromtheoperationsreportedinreferences2 to5. Thedatafrom
thesereferenceswerereevaluatedto obtainequivalentresultswiththose
shownforthepresentairplanes.Themostprobables~eedsatwhichthe
largestaccelerationsoccurredaregivenasa proportionofthecruising
dspeedandarelistedas V VC.
.
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RecordEcollected
andevaluatdR-umbercdatilrmes
Sww.w
records
kcordi3.wkalyzeri -of
record
houm
‘malyzd
wk to 3U
?16to 383
Average
hours
Qer
record,-
Routesflow-n k.teeof operation
Total
home, T.
Tot.d
hlmm, T
Hew York -
Los Aageles .
Hcmolulu
Hov.199 t-a
Apr.1952A 5 19,676 14,553 202
285
Fhvana -
Mimi -
WV York -
Detroit
9ept.1~ ta
Jea. 1933B 4 62
62
18,413 58
37
16,546
U,366
Mielrli-
Caribbean-
arth Americe
Jhly199 to
Junelgjlc 2 6,602 128to330 178
COMHiRU30N OF LOADS, GUSTS,
TABLE II
AND AJIWPEETS FOR SEKKRAL OPERATIONS
rDatafromreferenceshavebeenreevaluatedto obtainresults
L equivalent to those for the present operations]
d’
Average flight miles to exceed -
Dates +?C
Operation Transport type of a’ %
Vm
operation ~ (twice) (:3?:) (once)
{
A Four-engine 1949 to 1952 0.67 1.4X lo60.7X 106 20.0x lo~
Present B Four-engine 19% to 1953 .76 1.0 .5 .5
c Four-engine 1949 to 1%1 .75 .9 .4 .2
North-south route
:entralU. S. (ref. 2) Two-engine 1948 to 19W .75 2.8 .6 >1000
Northern trans-
continental U. S. Two-engine
(ref. 3)
1948 to lylcl .75 1.2
.3 >lco
-.
caribbearNouth
American (ref. 4) Four-engine 1947to 1949 .72 7.6 .9 .1
Eastern U. S.
(ref. ~) Four-engine 1947 to l$lw .83 1.1 .7 3.8
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TABLEIII
FREQUENCYDISTRJBUTIOI?SANDSTATISTICAL
IW.mberofobservationsfor-
OperationCOperationB~,
g units
OperationA
rotal +
5. 2
16 6
25 9
33 16
19 10
16
8 z
13 8
2 1
2 2
2 2
2 2
1 1
1 1
1 0
1 1
0 0
1 1
L~ 74
1.76 0.83
).63 0.68
1.31 3975
rOtd Total
c-
;
2
5
15
14
15
6
4
4
1
1
1
--
--
--
+
--
--
0
4
7
10
6
9
10
;
2
2
0
0
--
--
--
-1-
0.3to0.4
.4to ,5
.5to .6
.6to .7
.7to .8
.8to .9
.9to1.0
1.0to1.1
1.1to 1.2
1.2to 1.3
1.3to 1.4
1.4to 1.5
~.5to 1.6
1.6to 1.7
1.7to 1.8
1.8to 1.9
1.9to2.0
2.0to2.1
3
10
~6
17
9
9
;
1
0
0
0
0
0
1
0
0
0
--
--
:
z
19
15
19
:
5
3
1
1
--
--
--
--
--
3
4
2
13
6
9
1
3
3
1
1
1
--
--
--
--
0
2
0
;
9
z
4
3
1
0
0
—
--
--
--
--
1
3
2
4
10
5
8
1
0
1
0
1
1
--
--
--
KL6 58 58
~
1.01
74
0.97
37
1.03
37
~
0.91
Total,N
%>
g units
u
L.02 1.03
0.89 0.87 0.94O.ec
5.E
0.55).go o*g2
5.6& 5.46 6.255.18 4*75
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TAIHiEIII.-Continued
FREQUENCYDISTRIBUTIONSANDSTATISTICALPMUMETEW
(b)u&
Nuniberofobservationsfor-
OperationAU*,fps OperationB OperationC
Total Total Total+ + +
;to20
Ito24
kto 28
ItO 32
!to36
;to40
)to44
lto48
)tO 52
!to56
;to&)
)to 64
ItO&l
10
19
22
;;
16
8
8
1
?
1
1
2
11
9
16
10
:
0
3
4
1
1
7
13
11
10
17
6
4
2
1
0
3
0
0
1
4
10
11
21
15
14
16
9
5
3
4
3
0
1
4
4
10
8
10
10
3
3
3
1
1
1
3
6
7
11
7
4
6
6
2
0
3
2
1
2
3
U
10
~8
11
9
4
1
0
3
1
74
0
1
1
4
7
5
6
7
4
1
0
1
0
1
1
;
3
13
5
2
0
0
0
2
1
.
rtal,N 148 74 74 IJ6 58 58
38.96
37 37
37.5?‘deY
fps
33.24 40.0341.10
37.85
38.8635l57 30.92 40.16
28.5330.6326.70 34.7036.3835.23 33.72 33.05u
0.12 0.14 0.14 0.14a 0.12 O.I&l 0.11 0.15 0.1:
-——— —— . . .
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TABLEIII.- Concluded
FREQUENCYDISTRIBUTIONSANDSTATISTICALPAWMETERS
(c)V. for~= (d)Vm=
Numberof
observationsfor-
Numberof
observationsfor-Airspeed
vOJ
mph
Airspeed
vmax’
mph
280to 285
285to 290
2$73to295
295to 300
300to 305
305to 310
310to 315
315to 320
320to 325
325to 330
330to 335
335to 340
340to 345
345to 350
3m to 355
355to 360
363to 365
365to 370
Operation Operation
A
14
13
11
13
11
16
19
17
10
.:
1
2
0
4
0
1
1
B c
1
0
1
:
11
11
U-
8
8
2
:
1
2
2
0
1
A
2
;
4
12
17
8
9
4
3
4
2
1
--
--
--
--
--
cB
--
--
1
2
;
4
;
8
8
9
3
;
2
1
1
140to 150
lW to 160
la to170
170to 180
180 to 190
yx) to 200
200to210
210to 220
220tO 230
230tO 240
240to 2W
250to 2m
2&3tO 270
270tO 280
280to 290
290to 300
300to 310
310to 32X)
--
1
2
14
17
15
5
12
11
6
8
6
4
4
1
4
1
-
116
--
--
--
--
--
--
--
2
5
3
4
;
;
2
4
--
148 74 74
309.7
58
331.7
Total,N Total,N
~m=, mph
37
—.—
340.6~o,mph 197.4
36.02 L3.08 16.7535.% 32.00 L3.70%
0.670.62 0.28 -0.23-0.02k. kv
186.3
‘P’mph
m4m.EIv
FREQUEITCTDISIRDUYIOEOOFAWEWRATICM~ BYAJRm 2MCK&T2
(a)OperationA
mto
W moh
163‘m
#) mh
2bt01’xot.0 rata
c! WlitB I 163mti ZOmh12kOwh
—
w—
+.
3
u
‘a?
14
.m
6
2
1
0
0
0
0
0
0
0
0
0
0
1
0
1
—
72
=
‘.3(
—
‘.Z
—
.!1:
—
+
) ‘m 0.1 —
.1 to ,2 -
:~ : :; lj
.? to ;6 19
.6to .7 16
,7b .8 4
.8ta .9 3
.9‘m1.0 --
L.Ota1,1 --
..1b 1.2 --
1.2b 1.3 --
..3to1.4 --
..4to1.5 --
..5to1.6 --
..6to1.7 --
..7ta1.8 --
..8+m1.9 --
..9b 2.0 --
!.0to2.1 --
=
—
1;
L6
19
14
3
4
1
1
--
--
--
--
--
--
--
--
--
--
—
TL
=
~.s
—
).4
—
l.a
—
—
+
—
--
;
16
d
13
2
4
3
1
--
--
--
-.
--
--
-.
--
--
:
—
--
3
10
19
13
13
9
3
2
1
1
--
--
--
.-
--
--
--
--
--
—
74
=
.5’
—
.b’f
—
;.9
—
—
+
—
1
;
10
9
12
u
8
3
4
0
0
4
1
--
--
--
--
--
--
—
74
=
.6!
—
.5:
—
.5!
—
—
—
o
4
Y2
16
15
12
;
2
1
0
0
0
0
--
--
--
--
--
--
—
74
=
.s:
—
.Jq
—
.01
—
—
+
—
--
4
7
U
Iz
10
9
6
6
~.
1
1
0
1
1
1
--
--
--
--
—
Tb
=
.&
—
.33
—
.35
—
+
.- -
--
6 2
14 j.o
$ :
IJ. 17
6 5
7 4
3 3
1 1
0 1
0 2
0 0
0 1
0 --
0 --
-- --
-- --
-- --
-- --
74 ’74
1,560.59
1,47O.ba
;.41>.oa
—
+
—
--
:
2J.
13
-w
U
6
1
1
0
0
0
0
0
1
0
0
--
--
--
—
74
=
,49
—
.4Q
—
.06
—
+
-- --
k ~
il 12
17 m
17 la
13 14
9
2 :
0 0
0 1
0 0
0 1
0 --
0 --
0 --
0 --
0 -.
1 --
-- --
-. --
-- --
74 74
1.450.43
1.370.33
;.*7.69
+
—
8
17
18
7
2
1
2
0
0
--
--
--
--
--
--
--
--
--
--
--
--
—
55
=
.2:
—
.ti
—
.ti
.
—
;
2s
7
0
0
0
0
1
--
--
--
--
--
..-
--
--
--
--
--
--
1:
16
19
10
5
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
--
1
6
14
24
12
u.
2
0
2
2
0
0
0
0
--
--
--
--
--
--
--
12
u
17
la
8
5
1
0
0
0
0
--
--
--
--
--
--
--
--
--
7474
=
1.62
74 72 55
=
.21).x .37 !31
+-b ).JK I.m—1.4C .23—‘.73 .15—.P;.42
—
7.2 J.!?
TABLE IV.- Continued
FREQuKW’YDIBIFZBUI’IONBF ACCKLKRATIONINCREK6NIBY AI~ BRA~B
(b)OperationB
R)
4=
limber of ob6arvation.9forairspeedof -
T220‘cc240rqh 322to340mph163‘m180uph*, I lb tog Units 163mph 240+a 2&)‘m2f3mph Z@ qh
+
— —
+ +
-. --
-- -.
2 0
1 1
-f 3
4 4
lo 10
12 14
7 9
6 5
6
; 3
0 0
0 0
1 1
1 2
-- 0
-- -.
% *
).760.82
).640.71
k.ea5.la
—
+
— —
+ +
-. . .
..- -.
1 --
4 3
2
8 J
16 17
10 9
11 9
4 2
1 0
1 1
0 1
-- --
-- --
-- --
-- --
-- --
m %
).690.69
).610.60
r.047.40
— —
+ - +
-- .
--
:
: M
8 l-l
U2 M
11 2
1
i 0
2 3
0 0
1 1
-. 0
-- 1
-. --
-- --
-- --
-- --
58 54
—
—
;
16
1.2
10
3
1
1
0
1
0
0
0
--
--
--
--
—
51J
=
).4
—
).3
—
r.5
—
— —
P+1 +
.
;
13
11
5
2
2
--
--
--
--
--
--
--
--
--
--
--
—
1
14
15
6
3
3
1
--
--
--
--
--
--
--
--
--
--
--
) ta0.1 -
.1tc .2 --
.2‘m .3 2
.3to .4 5
.4tn .9 17
.3ta .6 17
.6tm .II10
.7* .8 6
.8im .9 1
.9t-a1.0 0
1.0tc1.1 --
1.1 to 1.2 --
L.2to 1.3 --
1.3to 1.4 --
1.4to 1.5 --
1.5ta 1.6 --
1.6ti 1.7 --
1.7ta 1.8 --
Total,H x
%1
g units O.y
u 0.4
a 9.3
-.
--
4
10
17
17
5
2
1
2
--
--
--
--
--
--
--
--
--
1
0
0
6
1?
14
3
10
0
0
0
0
1
--
--
--
--
--
1
0
2
;
13
11
10
4
4
2
3
0
0
--
--
-.
-.
+
;
11
11
10
3
2
2
0
1
1
0
1
--
--
0
0
0
4
7
13
15
7
i’
2
2
0
1
0
0
0
0
--
1
0
4
2
9
9
13
6
7
2
2
0
1
1
0
0
1
--
--
1
1
4
14
14
15
3
2
2
1
1
-.
--
--
-.
--
--
-.
--
7
7
8
14
9
8
3
2
1
1
--
--
--
--
--
--
--
0
3
12
u
14
4
3
3
0
0
-.
--
-.
--
-.
--
--
1
1
4
7
lo
Ii3
7
4
2
3
0
0
1
0
--
--
--
58
—
58 % 58 5-8 58 58 58 43 43
).64 ).@ ).610.4:).71 ).T
—
).6
).75 ).9 ).3 ).27
+-
).730.3!
;.765.7
).4 3.6f).55I.7( 3.6 ).63I.& ).5! ).2 ).’zl
—
1.443.M 6.x 5.06 !.6 6J31 $.67,.01
—
;.2f9.9
— — — —
TABLEIV.- Concl@ed
FRIQUERCYDISITUBWTIOHSOPAMXIXMTTOllINCFWXBT9BY’MRsF3BD BRACKWCS
(c) operation C
Ih.?mberof obsemtlons for alr~eed of -
zoo ta
223mh
‘223t.a
240mph
240to
26)mph
y)oto
3alm@l
3a3to
343mph
2&Jto
300mph
blex, l--140 tog units 163 mph —
+
—
--
0
1
1
1
;
2
5
4
3
0
0
0
0
—
37
=
1.89
—
‘.79
—
1.82
—
—
--
--
1
1
?
;
7
3
3
0
0
0
0
1
1
—
37
=
).76
—
).64
—
+.53
—
—
—
--
0
;
8
9
8
6
0
--
--
--
--
--
--
--
--
—
37
=
1.55
—
1.49
—
).26
—
—
+
—
--
--
i
IQ
6
5
4
2
1
--
--
--
--
--
-,-
—
37
=
),63
).56
r.32
—
$
-- --
-- --
-- --
02 2
I-2 6
4 ~
7 ;
2
1 2
0 k
-- 2
-- 1
--- 0
-- 1
-- --
-- --
37 37
l.~O.m
I.m0,69
1.55.50
—
--
--
--
2
2
5
9
4
7
4
1
1
1
1
0
--
--
—
37
=
).75
).65
i.62
—
—
+
—
--
--
0
1
2
2
;
6
?
1
0
1
0
--
--
—
37
=
).8:
—
).T
—
5.9!
—
—
—
--
--
3
1
4
7
?
4
4
0
0
0
0
1
--
--
—
37
=
.67
—
.56
—
‘.41
—
—
+
—
--
0
2
0
:
2
7
4
2
1
0
1,
.-
-- I
--
—
37
=
).72
J
y
),26
—
—
—
--
1
;
;
7
;
2
3
0
0
0
--
--
--
—
37
=
.&
—
1.9
—
l.%
—
—
+
—
--
1
1
2
?
8
7
0
3
1
1
0
1
--
--
--
—
37
=
.6:
—
,51
—
.2!
—
—
--
0
3
:
12
L
5
2
0
1
0
0
0
--
--
--
—
g
1.56
-
1.48
1
‘.251
—
+
—
--
2
;
1;
9
$
2
0
0
1
--
--
--
--
—
g
.55
—
.x
—
‘.%
—
—
—
--
0
5
7
;
;
1
0
1
0
0
--
--
--
--
—
37
=
.51
—
.42
—
.76
—
—
+
—
--
2
8
6
10
5
:
1
--
--
--
--
--
--
--
--
—
g
1.41
—
I.y
—
,.11
—
—
—
--
;
11
7
4
1
1
1
--
--
--
--
--
--
--
--
—
37
=
.9
—
.31
—
.94
—
+
0
;
8
2
2
0
0
--
--
--
--
--
--
--
--
--
—
34
=
.28
.
.23
—
2.05
—
+
o ti0.1 —
.1‘co.2 1
.2to .3 1
.3to .4 3
.4to .5 10
.5ta .6 8
.6ta .7 8
.7ta .8 4
.8to .9 2
.9‘cc1.0 --
l.Oto 1.1 --
1.1 to 1.2 --
1.2 b 1.3 --
1.3to1.4 --
1.4‘m1.5 --
1.5tu1.6 --
1.6to 1.7 --
Total, N 37
L, ~ ~,
g Udta “’
u O.M
a 8.1:
1
14
u?
7
0
0
0
1
--
--
--
--
--
--
--
--
--
I
37
=
0.24
0.1s
0.64
‘%
to
o
I
I
I
I
I
I
I
-Anti -;
o +V
I
o
lbo 180 220
+
/
I
Indicated airspeed, mph
Figure 1.- Evaluated V-O record.
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Figure 6.-Comperison of the composite V-G record and a calctited
envelope for,operatfon B. Disti’ce represented, 4.1x 11$ fl~ht
mile6.
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Fi@me 7.-Comparison of the composite V-O record and a calculated
envelope for operation G. Distance represent&L, 2.6x 106 flight
miles.
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Figwe 8.-ConrparleonofCalculatedguat-w envelopesfor 107 fli@t
miles of Operatiom of the four-engine tranaport aqlane on each
of three differentrouteg and the design gust-load diagram.
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Figure 9.-Comparisonof cad.cuhted gust-velocityenvelopes for 107 flight
miles of operations of the four-engine transpti a&pWe on each of
three different routes and the range for other United States civll-
transport operations from references 1 to 5.
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